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CONVOLUTION THEOREMCONVOLUTION THEOREM

In the last tutorial, we discussed about the images in frequency domain. In this tutorial, we are
going to define a relationship between frequency domain and the imagesspatialdomain.

For example
Consider this example.

The same image in the frequency domain can be represented as.

Now what’s the relationship between image or spatial domain and frequency domain. This
relationship can be explained by a theorem which is called as Convolution theorem.

Convolution Theorem
The relationship between the spatial domain and the frequency domain can be established by
convolution theorem.

The convolution theorem can be represented as.

It can be stated as the convolution in spatial domain is equal to filtering in frequency domain and
vice versa.
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The filtering in frequency domain can be represented as following:

The steps in filtering are given below.

At first step we have to do some pre – processing an image in spatial domain, means
increase its contrast or brightness

Then we will take discrete Fourier transform of the image

Then we will center the discrete Fourier transform, as we will bring the discrete Fourier
transform in center from corners

Then we will apply filtering, means we will multiply the Fourier transform by a filter function

Then we will again shift the DFT from center to the corners

Last step would be take to inverse discrete Fourier transform, to bring the result back from
frequency domain to spatial domain

And this step of post processing is optional, just like pre processing , in which we just increase
the appearance of image.

Filters
The concept of filter in frequency domain is same as the concept of a mask in convolution.

After converting an image to frequency domain, some filters are applied in filtering process to
perform different kind of processing on an image. The processing include blurring an image,
sharpening an image e.t.c.

The common type of filters for these purposes are:

Ideal high pass filter
Ideal low pass filter
Gaussian high pass filter
Gaussian low pass filter

In the next tutorial, we will discuss about filter in detail.
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